Chromosome examinations were made both in cultured peripheral lymphocytes and in freshly aspirated bone marrow cells of 6 persons accidentally exposed to gamma rays from an 192Ir. Samplings of peripheral blood for the chromosome analysis were repeated mostly at weekly in tervals during the hospitalization beginning on 10-11 days after the initial exposure, and at more prolonged intervals after that period.
INTRODUCTION
In the present report the results of the chromosome observation on 6 cases accidentally exposed to gamma rays from an 192Ir source will be presented. The incidence of chromosome abnormalities at various times from 10 days after the initial exposure to over a year later and the doses estimated from the yields of the chromosome abnormalities will be provided.
MATERIALS AND METHODS
On September 17, 1971, a 192Ir rod (5.3 Ci) for industrial radiography, contained in a holder, was lost in a shipbuilding yard. On September 18, 1971, the next day, a plumber who had nothing to do with radiation work happened to find the holder in the yard and brought it back to his lodging house without any knowledge about it. This man and five other men who stayed in the room where the rod was brought in were accidentally exposed.
More detailed information on the exposure and the results of the clinical and hematological findings of the 6 cases are given in the preceding papers in the same issue8-10) The chromosomes of the 6 cases were examined both in cultured peripheral lymphocytes and in direct bone marrow preparations. Cultures of peripheral lymphocytes were set up according to the routine method for culturing whole blood: 5 ml of peripheral blood was taken by venipuncture, and incubated at 37°C in a medium consisting of NCTC-109 (80 percent), fatal calf serum (20 percent), and phytohemagglutinin.
Cultures were allowed to grow for 52 hours, with addition of Colcemid 28 hours prior to termination of culturing to accumulate cells at the metaphase stage of mitosis. Chromosome preparations were made according to the standard air-drying technique.
Samplings of the peripheral blood were made at almost weekly intervals during their hospitalization with subsequent irregular intervals depending on each case. Mostly 300 cells, occasionally 100 to 500 cells, were analyzed in each sample. Among all types of chromosome abnormalities observed, special attention was payed on the dicentrics and rings, since they are the most readily identifiable abnormalities and provide reliable measure of radiation exposure.
In the scoring, multicentric chromosomes with n centromeres were counted as n-1 dicentrics.
RESULTS

Chromosome abnormalities at various times after exposure
Peripheral Lymphocytes: Significantly elevated levels of chromosome abnor malities were found in the peripheral blood lymphocytes from the exposed persons. The typical abnormalities were presented in Figure 1 . The incidence of chromosome abnormalities in the 6 cases at various times after initial exposure was illustrated in Figure 2 . Case S. H. which was accompanied by the most intense clinical symp toms of the 6 cases showed the highest frequency of chromosome abnormalities. The frequency of dicentrics plus rings in S. H. reached the maximum value of 0.172 per cell at one month after initial exposure.
Although the frequency dropped to less than lj2 of the maximum value at two months after exposure, the mean yield between 2 and 6 months was as much as 0.0943 per cell, and the yield of 0.065 per cell was shown even more than a year after exposure.
In case Y. S. the frequency of chromosome abnormalities became maximum at 3 weeks after initial exposure difficult to express the changes in the incidence of the chromosome abnormalities because of rather low frequencies, but, even in M. I. which showed the lowest aber ration frequency of all, the frequency, 0.0015 dicentrics plus rings per cell, was 7 times as high as that (0.0002/cell) in the control #21').
The frequencies of chromosome abnormalities were higher in the order of M. I., T. S., M. K., K. J., Y. S. and S. H., which corresponded to their order in the clinical severity.
In the hematological examination, lymphopenia, being indicative of radi ation exposure, was noted only in S. H. and Y. S., while the decrease in leucocyte level was observed in all the cases except M. 1.9, 10) In M. I. there were not any particular findings by the clinical or hematological observations. The results seem to suggest that the chromosome abnormalities represented by the frequencies of dicentrics and rings serve as a very sensitive indicator of radiation exposure reflect ing the degree of radiation injury with a fair accuracy. No chromosome abnor malities were observed in our controls 13). Thus, the effects of radiation exposure in bone marrow were evident, at least in S. H. and in Y. S., while they were not obvious in the remaining four cases. 
Dose estimates from the aberration yield
On the basis of the yields of dicentrics and rings in peripheral lymphocytes of the 6 cases, estimates of the absorbed doses were made using the dose-response relations obtained by Sasaki14) for 60Co gamma rays and high energy X-rays (Linac X-rays).
The doses estimated from the mean yields of chromosome abnormalities in the number of samplings during the indicated periods are summarized in Table  2 . In S. H., the mean yields of dicentrics plus rings were obtained from the 7 times of samplings during the earlier period (10-53 days after initial exposure) and from the 11 times of samplings during the later period (59-185 days after initial exposure). From the mean yield of dicentrics plus rings during the earlier pericd, an average total body absorbed dose equivalent to 124 rad of 60Co or 152 rad of high energy X-rays was estimated.
The mean yield in the later period corresponded to 100 rad of 60Co or 126 rad of high energy X-rays.
The absorbed doses estimated for the rest of the cases were not as high as for S. H. ; 40, 26, 12.2, 10.9 and 9.8 rad of 60Co gamma ray and 54, 37, 19, 17.2 and 15.6 rad of high energy X-ray equivalent doses for Y. S., K. J., M. K., T. S. and M. I., respectively.
It must be noted that the clinical symptoms shown by some of the cases, es pecially S. H., appeared to be severer than those expectable from the estimated doses10>. As one of the possibilities to explain the reason for this gap between the estimated absorbed doses and the symptoms, it was suspected that these cases might have received much higher doses than the estimated ones in some areas of the body.
The dose estimate from aberration yields can provide little information on the non uniformity of the exposure, and therefore, even when a large dose is received at a certain area of the body, the estimate would result in an averaged total body absorbed dose which should be much lower than the dose actually received at the limited area.
The technique for more close estimates of the effect of localized exposure de veloped by Sasaki14> was also applied in the estimates of the 6 cases to find out if such a technique may also provide an information on the non-uniformity of exposure. The frequency of dicentrics plus rings in X1Cu cells (cells with unstable chromosome abnormalities which are in their first cell division since exposure), which Sasaki called the Qdr value, is to be extrapolated to the dose-response relationships of high energy X-rays in vitro in the estimation12>. While the frequency of X1Cu cells in creases almost proportionally to the relative volume of the exposed region, the Qdr value dic+ring is constant irrespective of the relative volume.
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